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(57) ABSTRACT 
Capacitor characteristics measurement apparatus and pack 
ing apparatus includes a turntable (1) intermittently driven at 
a constant pitch to supply capacitors (C) from a parts feeder 
(8) to a holder section (2) of the turntable (1) in a one-by-one 
manner. A capacitance measurement section (4) and an IR 
prediction section (5) are provided to determine Whether 
each capacitor is acceptable or defective in quality based on 
the measured values obtainable from these sections (4, 5). 
The IR prediction section (5) applies a DC voltage to a 
capacitor While predicting the current value at termination of 
chargeup by use of its initial current value in the charge 
region of an insulation polarization component thereof upon 
application of the voltage thereto. A defective product ejec 
tion section (6) is provided for ejecting defective capacitors 
and an acceptable product extraction section (7) is provided 
for putting acceptable capacity into a storage section (31a) 
of a base material-tape (31) conveyed by a taping device 
(30) and then packing the acceptable capacity by a process 
including a step of pasting a cover tape onto the base 
material tape (31). 
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CAPACITOR CHARACTERISTICS 
MEASUREMENT AND PACKING APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates in general to capaci 
tor characteristics measurement/packing apparatus, and, 
more particularly, to apparatus for measuring characteristics 
such as the capacitance of chip type capacitors and insula 
tion resistance thereof and for packing them into tapes or 
cases. 

[0003] 2. Description of the Prior Art 

[0004] Typically, capacitors are subjected before delivery 
or “ship-out” to measurement of the electrostatic capaci 
tance and insulation resistance (IR) thereof for selecting 
acceptable capacitors from among those under test, While 
screening out any defective ones based on the resultant 
measurement values thereof. This selection or screening 
process requires ef?cient handling of a great number of 
capacitors. To attain this object, certain characteristics mea 
surement apparatus has been knoWn Which is disclosed in 
Published Unexamined Japanese Patent Application No. 
4-254769, Wherein the apparatus is designed to make use of 
a disk-shaped turn table having along its outer periphery 
multiple holder sections each of Which holds a single 
capacitor at a time during intermittent rotation of the turn 
table for sequential effectuation of the measurement pro 
cesses required. 

[0005] Unfortunately, the prior knoWn characteristics 
measurement apparatus of this type is associated With a 
problem: much time is required to complete the IR mea 
surement. More speci?cally, since it is necessary in the prior 
art IR measurement scheme to measure a charge current 
under the condition that a capacitor is fully charged, 
approximately sixty (60) seconds of measurement time 
duration has been required for each IR measurement. For 
this reason extra time-consuming tasks have been necessary 
including reserving most of the turntable periphery for use 
as a charge region, and interrupting the operation of the 
turntable to complete a charging process in a certain time 
period, Which results in a decrease in Work ef?ciency. In 
addition, there is a need to put a predetermined number of 
acceptable capacitors into a storage member, such as a 
take-out vessel, and then take every capacitor out of the 
vessel by use of a parts feeder or the like in a one-by-one 
manner in order to supply them to an associative taping 
device or the like, Which, in turn, leads to a signi?cant 
decrease in the overall speed of Work, measurement and 
packing operations, While simultaneously increasing the 
scale of facility and production costs. 

SUMMARY OF THE INVENTION 

[0006] It is therefore an object of the present invention to 
provide capacitor characteristics measurement/packing 
apparatus capable of improving the Working ef?ciency While 
reducing facility siZe and cost, by letting characteristics 
measurement apparatus and packing apparatus cooperate 
With each other. 

[0007] To attain the foregoing and other objects, the 
present invention is directed to a capacitor characteristics 
measuring and packing apparatus Which includes transport 
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means driven in a prede?ned direction and having holders 
provided at equal intervals for holding respective capacitors 
therein, supply means provided adjacent to the transport 
means for sending and supplying capacitors to the holders of 
the transport means, quality discriminating means provided 
on a movement locus at the holders of the transport means 
for applying a DC voltage to a capacitor held by one of the 
holders and discriminating the quality of the held capacitor 
from charge characteristics of the capacitor at an initial 
charge period, an acceptable product extraction section 
provided adjacent to the transport means for ejecting from 
the holder section of the transport means a capacitor deter 
mined to be acceptable at the quality discriminating means, 
a defective product ejection section provided adjacent to the 
transport means for ejecting from the holder section of the 
transport means a capacitor determined to be defective at the 
quality discriminating section and packing means disposed 
corresponding to the acceptable product extraction section 
for packing those acceptable capacitors. 
[0008] Capacitors supplied to the holders of the transport 
means by the supply means pass through the quality dis 
criminating means upon the driving of the transport means 
and the quality thereof is discriminated. As a method of 
discriminating the quality of the capacitor there may be a 
method in Which a current value in a charge region at a 
dielectric polariZation component of a capacitor and the 
quality of the capacitor is discriminated from this predicted 
value. Also, there may be a method in Which a standard 
selection value charge characteristic of the dielectric polar 
iZation component of the capacitor is set beforehand and the 
quality of the capacitor is discriminated by comparing the 
actual measured current value characteristic of the dielectric 
polariZation component of the capacitor and the standard 
selection value charge characteristic. Since a current value at 
a charge termination period is measured in the prior art, 
much time is required. According to the present invention, 
hoWever, since a method for predicting a current value or a 
charge characteristic in an initial charge period is used, 
measurement can be performed in a signi?cantly short 
period. The quality of the capacitor is discriminated by a 
predicted IR value or by comparing the actual measured 
current value characteristic and the standard selection value 
current characteristic. The capacitors determined as defec 
tive product are ejected from the defective product ejection 
section and the capacitors determined as acceptable product 
are supplied from the acceptable product extraction section 
to the packing means and packed in cases or tapes here. 

[0009] As an IR prediction section for predicting the 
current value in a charge termination period by using the 
current value in an initial charge period of the dielectric 
polariZation component, for example, a method may be used 
comprising the steps of: initial setting a current calculation 
formula using an equivalent circuit of the capacitor, modi 
fying the current calculation formula using an equivalent 
circuit of the capacitor, modifying the current calculation 
formula by determining the capacitances C1, C2, . . . Cn and 
the resistances R1, R2, . . . Rn Which are dielectric polar 

iZation component of the equivalent circuit so that the actual 
measured current value m(t) and the calculated current value 

determined by the current calculation formula coincide 
With each other, and determining the current value in the 
charge termination period by using the modi?ed calculation 
formula. Further, a method may be used Wherein the 
approximation formula of the charge current characteristic 
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of the dielectric polarization component from the plural 
measured current values in the initial charge period of the 
dielectric polariZation component of the capacitor is used. 

[0010] When the quality of the capacitor is discriminated, 
it Would be preferable to discriminate by using not only the 
IR prediction value but also the capacitance of the capacitor. 
In this case, the quality discriminating means includes a 
capacitance measurement section and the quality discrimi 
nating section discriminates the quality of the capacitor from 
the measured value at the capacitance measurement section 
and the predicted value at the IR prediction section. 

[0011] When the quality is discriminated by using a stan 
dard selection value current characteristic, the standard 
selection value current characteristic is set, for example, in 
an intermediate region betWeen acceptable products and 
defective products. As a result, the quality of the capacitor 
can be accurately discriminated by comparing the actual 
measured current value characteristic of the dielectric polar 
iZation component of the capacitor to be measured and the 
standard selection value charge characteristic. Since the 
quality is discriminated by continuous data of the dielectric 
polariZation component, more accurate quality discrimina 
tion is possible than the prior art in Which the quality is 
discriminated by point data. 

[0012] As a quality discriminating means by comparing 
the actual measured current value characteristic and the 
standard selection value current characteristic, there may be 
a means Wherein either one of the ratio, the difference, the 
difference of logarithmic values, or the ratio of logarithmic 
values betWeen the actual measured current value m(t) of the 
capacitor and the standard selection value charge character 
istic is de?ned as an evaluation function n(t), Wherein said 
means includes a means for quadratic curve approximating 
this evaluation function and a means for discriminating the 
quality of the capacitor depending on Whether the secondary 
coefficient of the quadratic curve approximation formula is 
negative or positive. 

[0013] By using the method above, the quality discrimi 
nation can be performed accurately in a quite short period, 
that is, several tens of m seconds after the application of 
voltage. Further, by using a quadratic curve approximation, 
since the general tendency of the changes of the evaluation 
function n(t) can be attained, stable quality discrimination 
can be performed. 

[0014] The transport means may be a turn table having 
holders for holding capacitors along the outer circular 
periphery at equal pitch intervals or an endless belt With 
holders for holding capacitors at equal pitch intervals. In the 
prior art, since much time Was required for IR measurement, 
a large-siZed turn table had to be used. HoWever, according 
to the present invention, the measurement may be performed 
by using a small-siZed turn table. Holders may be recessed 
portions for containing the capacitors or air attraction holes 
for attracting and holding the capacitors. When air attraction 
is performed, it is not necessary to provide recessed por 
tions. 

[0015] Further, the packing means may be taping means 
for housing an acceptable capacitor taken out of the accept 
able product extraction section into a storage section of a 
base material tape, and for thereafter pasting a cover tape 
onto the base material tape. Also, the packing means may be 
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case-packing means for string in a case a group of a 
predetermined number of acceptable capacitors as taken out 
of the acceptable product extraction section. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a diagram schematically shoWing a plan 
vieW of a ?rst embodiment of the capacitor characteristics 
measurement/packing apparatus in accordance With the 
present invention. 

[0017] FIG. 2 is a diagram shoWing a perspective vieW of 
a turntable used. 

[0018] FIG. 3 is a diagram shoWing an IR prediction 
section and a measurement circuit operatively associated 
thereWith. 

[0019] 
[0020] FIG. 5 is a sectional vieW of an acceptable product 
extraction section. 

[0021] FIG. 6 is a sectional vieW of another embodiment 
of the turntable. 

FIG. 4 is a side vieW of a taping device employed. 

[0022] FIG. 7 is a diagram shoWing a change in charge 
current of a capacitor. 

[0023] FIG. 8 is a diagram shoWing an equivalent circuit 
of a capacitor. 

[0024] FIG. 9 is a diagram for comparison of calculated 
values to their corresponding actual measured values at the 
initial setup of the current calculation equation using the 
equivalent circuit. 

[0025] FIG. 10 is a flow chart shoWing a method for 
determining several parameters of the current calculation 
equation by use of the linear approximation scheme. 

[0026] FIG. 11 is a diagram for comparing calculated 
values to the actual measured values obtainable after cor 
rection of the current calculation equation using the equiva 
lent circuit. 

[0027] FIG. 12 is a diagram in cases Where any intended 
approximation by the linear approximation equation is not 
executable. 

[0028] FIG. 13 is a ?oWchart shoWing a parameter deter 
mination method in the case of incorporating both the linear 
approximation and quadratic-curve approximation in com 
bination. 

[0029] FIG. 14 is a diagram shoWing a plan vieW of a 
second embodiment of the characteristics measurement/ 
packing apparatus in accordance With the present invention. 

[0030] FIG. 15 is a diagram depicting a plan vieW of a 
third embodiment of the characteristics measurement/pack 
ing apparatus in accordance With the present invention. 

[0031] FIG. 16 is a diagram shoWing a plan vieW of a 
fourth embodiment of the characteristics measurement/ 
packing apparatus in accordance With the invention. 

[0032] FIG. 17 is a perspective vieW of one example of 
the practical structure of a belt in accordance With the 
invention. 
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[0033] FIG. 18 is a perspective vieW of another example 
of the practical structure of a belt in accordance With the 
invention. 

[0034] FIG. 19 is a characteristic diagram of a further 
embodiment of the insulation resistance prediction method 
in the invention. 

[0035] FIG. 20 is a characteristic diagram of a still further 
embodiment of the quality discriminating method in accor 
dance With the present invention. 

[0036] FIG. 21 is a diagram shoWing changes of the 
evaluation function n(t) as a function of the applied time in 
the embodiment of FIG. 20. 

[0037] FIG. 22 is a How chart shoWing a method for 
acceptable/defective products in the embodiment of FIG. 
20. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0038] FIG. 1 shoWs a ?rst embodiment of a characteris 
tics measurement/packing apparatus employing the method 
of the present invention. 

[0039] Reference numeral 1 designates a turn table; the 
turntable 1 is driven to intermittently rotate in essentially 
uniform angular movements or constant pitch distances in 
the direction indicated by an arroW. As shoWn in FIG. 2, 
rectangular recess-shaped holder sections 2 are provided 
along the outer periphery of the turntable 1 With the same 
pitch intervals as the rotation drive pitch. These holders are 
capable of holding or storing chip type capacitors C in a 
one-by-one manner. Provided around the turntable 1 are 
several associative components including a supply section 3 
for supplying or feeding capacitors C to the turntable 1, a 
capacitance measurement section 4 for measuring the elec 
trostatic capacitance, an insulation resistance (IR) prediction 
section 5, a defective product ejection section 6, an accept 
able product extraction section 7 and the like. A supply 
device 8 is disposed at a speci?ed position corresponding to 
the supply section 3, Which device may include a parts 
feeder or the like for transferring the capacitors C to the 
turntable 1 at a time. Respective measurement values obtain 
able from the capacitance measurement section 4 and IR 
prediction section 5 are sent to a quality examination/check 
section 9, Which uses the measurement values to determine 
Whether a capacitor C under test is acceptable or rejection 
able—i.e.good or bad in product quality. Any capacitors C 
judged to be bad or defective are ejected to the outside at the 
defective product ejection section 6, Whereas those capaci 
tors C judged as good products are then taken out of the 
acceptable product extraction section 7 onto a base material 
tape 31. 

[0040] It should be noted that While in FIG. 1 the IR 
prediction section 5 consists of a single block only, this 
section may alternatively be designed to have a plurality of 
blocks. 

[0041] FIG. 3 illustrates a con?guration of the IR predic 
tion section 5. As shoWn, the IR prediction section 5 is 
generally constituted from an up/doWn liftable or “elevat 
able” terminal base plate 10, a pair of measurement termi 
nals 11 and 12 attached to this terminal base 10, and a 
measurement circuit 13 connected to these measurement 
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terminals 11, 12. When a certain capacitor C as held at one 
holder section 2 arrives at a prede?ned location immediately 
beneath the terminal base 10, the terminal base 10 moves 
doWnWardly causing the measurement terminals 11, 12 to be 
in contact With tWo electrodes of the capacitor C. Note here 
that although the capacitance measurement section 4 is not 
shoWn in the draWing, this unit may be designed to have its 
terminal base plate and associative measurement terminals 
Which are similar to those in the IR prediction section 5 
discussed above. 

[0042] The measurement circuit 13 includes a DC poWer 
supply 15 connected through a sWitch 14 to one measure 
ment terminal 11. The remaining measurement terminal 12 
is connected to the positive input of a measurement ampli?er 
16, and is also connected via a limit resistor 17 to both the 
input of a logarithmic ampli?er 18 and the negative input of 
the measurement ampli?er 16. The output of such measure 
ment ampli?er 16 and the output of logarithmic ampli?er 18 
are connected to an arithmetic processor circuit (CPU) 21 
via analog-to digital (A/D) converters 19, 20 respectively. 
The CPU 21 provides control for permitting measurement of 
a charge current at the measurement ampli?er 16, sWitching 
to the logarithmic ampli?er 18 at a predetermined threshold 
value, and thereafter performing measurement of the charge 
current at the logarithmic ampli?er 18. This measurement 
circuit 13 is capable of effectuating accurate measurement 
even Where the charge current of capacitors C varies in a 
Wide range, and is thus featured in that it may accurately and 
continuously measure the charge current value in an 
extended period from the charge initial period to charge 
termination period, Which have been difficult to be measured 
in the prior art measurement apparatus. 

[0043] It should be noted that in the present invention the 
measurement circuit 13 does not measure a current value at 

the charge termination period (approximately sixty seconds 
after) of a capacitor C, but only measure a current value at 
the charge initiation period (for example, one millisecond to 
ten milliseconds) of one or more dielectric polariZation 
components of such capacitor C While predicting the current 
value at the charge termination period. The principle thereof 
Will be described in detail later. 

[0044] As shoWn in FIG. 3, the turntable 1 is provided 
With air ?oW holes 22 corresponding to respective holder 
sections 2. Each air hole 22 is coupled to a positive pressure 
source 23 and negative pressure source 24 via an electro 
magnetic sWitch valve or “selector”25. The selector valve 25 
is responsive to receipt of a command signal from the quality 
check section 9 (FIG. 1) for causing one of the positive 
pressure source 23 and negative pressure source 24 to be 
selectively coupled to the air hole 22. In a certain time period 
in Which a capacitor C is held in the holder section 2, the air 
hole 22 is coupled to the negative pressure source 24 letting 
the capacitor C be tightly held by suction force on the inner 
surface of such holder section 2. This ensures that the 
measurement terminals 11, 12 are brought into contact With 
the capacitor C at constant locations thereon, thus enabling 
execution of reliable measurement of characteristics thereof 
While at the same time making it possible to eliminate 
occurrence of any accidental dropping of the capacitor C due 
to application of the centrifugal force resulting from rotation 
of the turntable 1. On the other hand, When a defective 
capacitor C reaches the defective product ejection section 6 
(FIG. 1), the sWitch valve 25 is changed over to the positive 
















